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The present invention relates to an electrode 
for the electrical determination of pH. 
An object of the present invention is to provide 

an electrode which contains an electrolyte per 
manently sealed in place and which electrode 
may be used without the necessity of replacing 
the electrolyte. ’ 

Another object of the invention is to provide 
an electrode which is sufficiently rugged in con 
struction so that it may be used Without danger 
of fracture. 
Another object of the present invention is to 

provide an electrode which is constructed so as 
to eliminate leakage currents which interfere 
with the accuracy of the pH determinations. 
A further object of the present invention is t0 

provide an electrode which may be handled in 
the open without errors being introduced through 
electrostatic voltages. 
The present invention preferably employs the 

Haber type of glass electrode. The Haber type 
glass electrode consists of a bulb of glass blown 
on the end of a supporting tube. Connection is 
made with the inner surface of the bulb by 
means of a suitable electrolyte and an internal 
metallic electrode, although the electrolyte may 
be omitted and connection made by a metallic 
coating, such as mercury. The electrode is sup 
ported in position in some convenient manner 
and the conductor extending from the metallic 
electrode is usually supported by one or more in 
sulators. When such an electrode is dipped into 
a solution, the potential difference set up in the 
glass membrane depends on the pH of the ex 
ternal solution. If some suitable reference elec 
trode is dipped into the external solution so that 
the membrane potential may be measured, the 
complete cell permits the pH of the external 
solution to be determined electrically. 

Heretofore, in the practical use of this elec 
trode measurements have been complicated by 
the very high resistance of the glass of the bulb 
to the passage of current. Efforts have been 
made to reduce the resistance of the electrode 
by making a very thin walled bulb of large sur 
face area, but the result has been to produce 
an electrode so fragile that it will not stand the 
shocks of ordinary handling. When the elec 
trode is constructed with a small solution hold 
ing bulb of suflicient rigidity for practical use, 
the resistance of the glass membrane is com 
monly of 100 megohms, and in certain cases may 
be as high as 500 to 1,000 megohms. The use of 
a bulb having a high resistance materially in 
creases several sources of possible error in de 
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termining the pH until they are in significant 
proportions. 
One source of error arises from leakage of elec 

trical currents by conduction along moisture 
ñlms >condensed on the surface of the tube of 
the electrode. 'I'his leakage is particularly pro 
nounced where high humidities are prevalent, 
so that large amounts of moisture are adsorbed 
on the surface of the electrode. One means of 
eliminating this leakage current, in accordance 
with the present invention, comprises the use of 
a guard ring. In order to reduce the lf'tkage 
current, the electrode may be supported on a 
conducting shield that may be electrically con 
nected to the measuring circuit in such a Way 
that the shield or guard ring has the same po 
tential as the conductor to the electrode at the 
time the electrode E. M. F. is determined. The 
oretically, this reduces the potential difference 
across the insulating portions of the electrode to 
zero and consequently reduces theerror due to 
leakage currents around such insulating portion 
of the electrode likewise to zero. Actually, this 
is seldom the case. Leakage currents may flow 
through the insulating portion of the electrode 
even though no potential difference exists across 
it. These leakage currents may arise as the re 
sult of potential generated by the insulating por 
tion of the electrode itself presumably by an elec 
trolytic action. Because of this effect, the guard 
ring of the present electrode is not in itself relied 
upon to entirely eliminate leakage currents. 
Surface leakage around the insulating portion 

of the electrode is, in accordance With the prin 
ciples of the present invention, materially re 
duced by confining the electrode solution to a 
small portion of the lower end of the electrode 
body and filling the remaining portions of the 
electrode body with an insulating composition, 
such as wax. 'I'he wax filling inhibits the coat 
ing of the interior of the electrode surface with 
solution or moisture and thus materially avoids 
leakage currents. The outer surface of the elec 
trode body may also be coated with a composi 

’ tion such as wax adapted to prevent condensation 
of moisture thereon. By these means, leakage 
currents due to surface conduction around the 
outside of the electrode body tube may be sub 
stantially eliminated. » 

As a further means to increase the resistance 
of this leakage path, the electrode of the present 
invention is provided with a highly insulated 
cable extending through the electrode tube body 
to the electrode contacting the electrolyte. This 
cableis further provided with a metallic shield 
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Íwhlch extends substantially to the surface ofthe 
:electrolyte and operates as a guard ring to re 
duce the potential across the insulating portion 
‘of the electrode to zero. The shielding of the 
,cable also operates to shield the electrode from 
electrostatic fields so that it may be used in the 
open. 
. When using an electrode having the high in 
`ternal resistance of the electrode of the present 
‘ invention, the glass electrode and its lead act as 
‘ a fairly ei’licient antenna and may pick up trans 
`ient voltages from the operator or from nearby 
g equipment. These voltages appear in the meas 

. i uring instrument as ñuctuations in the electrode 
voltage and may lead to considerable error in the 
pH'determinations. For this reason, glass elec 
Ãtrodes having a high internal resistance have 
ïbeen usually operatedk within metallic shields. 
î The effects of these electrostatic voltages are en 
1 tirely eliminated in the electrode of the present 
. invention by extending the shield of the lead ca 
`ble into the electrode so that in operation the 
‘entire electrode is shielded down to the point 
where the electrode is immersed in the external 
solution. The portion of the electrode that is 
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" or 1,000 megohms. 

25' 
l,within the electrode tube. The plug also serves ïimmersed in the external solution is effectively ¿ 

shielded by the solution itself. , 
1 The electrodeof the present invention prefer-> 
1 ably employs a shielded lead cable in which .the 
; shield is firmly embedded in insulation, generally 
rubber insulation, in such a manner as to avoid 
relative motion between the shielding braid and 

l insulation. Unless this precaution is utilized in 
ì constructing the electrode of the present inven 

' > l tion, electrostatic charges may be generated in 
Í the> use of the electrode by relative motion be 
tween the shielding braid and’rubber insulation; ' 
The quinhydrone solutions whichA are generally 

used in glass electrodes are unstable and require 
' ‘frequent replacement, so that they are not 

adapted for use in a glass electrode in which the 

30 

40 

Í solution is to be permanently sealed in place.` . 
,1 The electrolyte of the present invention is so 

Moreover, the electro-  l composed as to-be stable. _ 

I lyte used is so composed that with the internal 
1 metallic electrode it possesses electric character-f 
I istics similar to those possessed by the com- , 
È mon quinhydrone-platinum assemblies. `By this 
1 means, the glass electrodes of the present Vinven 
` tion are made replaceable with the'` glass elec 
trodes in instruments now on the market, 

Various further objects and ’advantages of the l 
` electrode of the present invention wili be appar 
l ent from a description-of a preferred form or 
, example of electrode vembodying the invention. 

_ ‘ For this purpose, reference is made to the accom 
.i panying drawing y which illustrates a preferred 
g form or example of the electrode. ' 

In vthe drawing, ` . 

Figure 1 is ,an elevation in section of the elec 
l trode body or tube. 

Figure 2 is an elevation, partially in section, of 
` the electrode wire plug used to terminate the lead 
. cable. 

1 Figure 3 is an elevation, partially in section, of 
l the terminal plug of a lead cable. » 

Figure 4 is an assembly of the complete 
1 electrode. 

, the electrode. 

, inum electrode wire4 1. 

2,256,733 
portions 4 and 5 of the supporting tube should 
be made of glass of sufficient thickness so as to 
provide a high resistance to the passage of leak 
age currents through the insulating portion of 

The tubular extension 5 of the 
electrode should be sufficiently large compared 
with the bulb 3 as to provide insulation against 
surface leakages around the tube 5. The bulb 3 
of the electrode is generally of different compo 
sition of glass than the body. The bulb 3 should 
be formed of a glass capable of responding to 
changes in hydrogen ion concentration in a man 
ner similar to that of a hydrogen electrode. The 
bulb should be of suiiicient thickness so that it 
will not readily fracture in use and may possess 
a resistance of 100 megohms, or in other cases 500 

The electrode also comprises a plug 6 which 
has a ground fit with the ground portion l of 
the electrode body,l the plug serving to hold the 
internal electrode wire 1 at its lower end, which 
in one form of the invention constitutes an amal 
gamated platinum wire. The plug also serves the 
function of inhibiting contamination of the elec 
trode solution by the coating composition used 

to receive the end of a lead cable 8 which in 
cludes a suitable lead wire 9 welded to the plat 

The lead cable should 
contain an insulating material of high insulating 
properties, for example, rubber insulation I l hav 
ing a resistance of over 10,000,000 megohms per 
foot. As shown in the drawing, this insulation 
is continuous so that e wire 9 is not exposed 
to the atmosphere. The 1ead cable is provided 
with a shielding I0, which in the preferred form 
of the invention is .the braid type of shielding 
which should be ̀ firmly embedded in the rubber 
insulation Il in such a manner that the normal 
flexing of the cable which may occur in opera 
tion of electrodes -will not produce electrostatic 
voltages from-relative motion between the shield 
ing and insulation. The shielding is terminated 
within the plug 6 so that it extends in the elec 
trode through the major portion of the tube body 

» of the electrode and suñiciently close to the elec 
trolyte holding bulb 3 thereof that in normal 
operation of the electrode the solution to be 
tested -will extend to or substantially to the level 
of the shielding.' ' l 
In order to inhibit Aleakage currents around 

f the tube 5v due to surface conduction, the space 
. between the tube 5 and the lead cable, together 
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Referring to the drawing, the-electrode of the ï 
i present invention is preferably composed of a 70 
Í glass body tube 2 having a small bulb portion 3 ‘ 
Í at its lower end for holding the electrolyte. 
g Above the bulb portion 3 of the body tube a 
Í ground joint portion 4 is provided and there 
3 above a tubular insulating extension 5. The 75 

with the interior of the plug 6, is filled with a 
suitable. material,” such as wax, adapted to in 
hibit the condensation of solution on the inner 
surface of the tube 5 or plug 6. As shown in the 
drawing this ñlling constitutes a moisture im 
pervious seal between the tube 5 and the insula 
tion ll on the cable 8. A simi-lar coating of wax 
or other suitable material may be used on the 
exterior surface of the tube 5, if desired. 
At the top of the body there is shown a Bake. 

lite cap I2 for closing the upper end of the body. 
The other end of the lead cable is shown as pref--Á 
erably connected to the terminal plug I4 of spe 
cial design to facilitate easy connection between 
the electrode and the measuring instrument. 
The terminal plug comprises a metallic bushing 
I_5 to which the shielding I0 of _the cable is sol 
dered and from which the connections to the 
shield in the instrument may be made. Below 
the bushing I5 there is provided a Pyrex insu 
lating tube I6, through which extends the lead 
9 of the cable and a portion of the rubber insu 
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lation, the lead I at the lower end o! the Pyrex 
insulator IB being soldered to a cap l1 which may 
serve as a contact for the instrument in making 
connection with the electrode wire. ' 
The electrolyte employed within the bulb por 

tion 3 of the electrodemust be composed so that 
it is stable in operation and, moreover, in con 
nection with the internal metallic electrode, has 
characteristics readily reproducible in construct 
ing like electrodes. 
assemblies which may be used in the sealed glass 
electrode of the present invention and have the 
desired properties of permanence and reproduci 
bility. For example, a silver-silver chloride elec 
trode in 0.1 N HC1 may be used. However, such 
an electrode assembly has a. different voltage and 
change in voltage with temperature from the 
common quinhydrone electrode assembly referred 
to and consequently' can not be used interchange 
ably in_instruments now in the field. The pres 
ent electrode assembly is designed to have nearly 
the same voltage and change in voltage with 
temperature as the mentioned common electrode 
assembly. Thus, the assembly of the present in 
vention has a temperature coeillcient of about a 
quarter of a millivolt per degree centigrade when 
measured against an external quinhydrone elec 
trode. It is found that by using an electrode 
assembly consisting of an amalgamated platinum 
wire dipping into a solution containing approxi 
mately 0.002 M mercurous ion and approximately 
one normal H+ ion a stable electrode assembly 
is provided which may be adjusted to have a tem 
perature coeiiicient and potential approximately 
the same as the common quinhydrone electrode. 

In'constructingr the electrode assembly, a plat 
inum wire is sealed through the electrode plug 6 
by fusing in the glass and the wire is then amal 
gamated by placing it in boiling mercury. The 
electrolyte is then placed in the bulb 3, the elec 
trode plug 6 is firmly seated and is sealed in place 
by means of a suitable material, such as wax. 
The electrolyte is approximately l N perchloric 
acid and approximately 0.002 molal mercurous 
perchlorate. The concentration of the perchloric 
acid and ̀ mercurous perchlorate is then adjusted 
until it is found that the electrode assembly has 
zero potential when measured against an exter 
nal quinhydrone-HC1 electrode. There is a va 
riety of strengths of perchloric acid and mer 
curous perchlorate which will yield the desired 
potential. However, a concentration of over 1 N 
perchloric acid is generally to be avoided, as it 
has the effect of introducing errors in the opera 
tion of the glass membrane. Lower concentra 
tions of the perchlorlc acid require the use of 
lower concentrations of the mercurous perchlo 
rate in order to secure the desired potential. 
Since the amount of mercurous perchlorate which 
will produce the desired potential is in any case 
small, it is usually desirable to use a concentra 
tion of close to l N perchloric acid and adjust 
the concentration in the mercurous perchlorate 
until the desired potential is secured. Obviously, 
any compounds which yield the mercurous ion 
and hydrogen ion may be substituted for the per 
chloric acid and mercurous perchlorate,-f0r eX 
ample, nitric acid and mercurous nitrate. ‘ After 
this assembly has been adjusted as mentioned, 

 4it will be found to have substantially the same 
voltage and temperature coefficient as the quin 
hydrone platinum assembly which it is intended 
to replace. 
Where the electrode of the present invention 

lis to be used only in new meters, it may be de 

'I'here are several electrode' 
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3 
sirable tovconstruct the electrode assembly in 
such manner that it has zero EMF and approxi 
mately zero temperature coeiiicient when op 
eratedin an external solution of a pH of 6.0 
and measured against a saturated calomel cell. 
In this way the temperature effects are 
negligible, except when using the assembly at 
the more extreme acid or alkaline ranges, and 
where temperature compensation is to be built 
into the instrument it may be more easily done. 
An electrode assembly which most nearly ap 
proaches the conditions mentioned is composed 
as follows:` 
The internal metallic electrode may be of silver 

wire having silver chloride coating thereon or a 
silver coated platinum wire with a silver chlo 
ride coating thereon. 'I'he electrolyte to be used 
therewith consists of a buffer solution having 
the pH of 5.3 and containing approximately 0.1 
N chloride ion. This electrolyte should be ad 
justed to the desired zero potential when tested 
in an external solution of 6 pH against a satu 
rated calomel cell, at which time it will likewise 
have substantially zero temperature coeilicient. 
If it is desired to locate the point of zero voltage 
and zero temperature coeil‘lcient at some pH other 

_ than 6, this may be accomplished by adjusting 
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the chloride ion concentration andthe pH` of 
the buffer solution. 
While ̀ the particular electrode herein described 

is well adapted to carry out the objects of the 
present invention, it is to be understood that 
various modifications and changes may be made 
all coming within the scope of the appended' 
claims. 
We claim: 
l. A device for the. electrical determination 

of pH, comprising a glass electrode having a 
hydrogen ion responsive membrane and an in 
sulating glass tubular extension therefrom, a 
.plug having a ground ñt with said glass electrode 
at the junction between the hydrogen ion re 
sponsive membrane and said tubular extension 
and sealing the lower end of the tubular exten 
sion, an insulated elcctrostatically shielded lead 
wire passing through the extension of said glass 
electrode and terminated by said plug, the shield 
of said cable terminating in said plug and the 
lead wire of said cable being connected to a wire 
extending into said hydrogen ion sensitive mem 
brane, and a moisture impervious insulating ma 
terial within said plug. 

2. A device for the electrical determination 
of pH, comprising a glass electrode having a 
hydrogen ion responsive membrane and an in 
sulating glass tubular extension therefrom, a 
plug having a ground ñt with said glass electrode 
at the junction between the hydrogen ion respon 
sive membrane and said tubular extension, and 
sealing the lower end of the tubular extension, 
an insulated electrostatically shielded lead wire 
passing through the extension of said glass elec 
trode and terminated by said plug, the shield of 
said cable terminating in said plug and the lead 
wire of said cable being connected to a wire 
extending into said hydrogen ion sensitive mem 
brane, a moisture impervious insulating mate 
rial within said plug, and a moisture impervious 
insulating material occupying the space between 
said extension of said glass electrode and said 
insulating electrostatically shielded lead Wire. 

3. In a device for the electrical determination 
of pH, a glass electrode having a hydrogen ion 
responsive membrane and a hollow insulating 
extension therefrom, a lead wire electrically con 



nected to said hydrogen ion responsive mem- \ 
, brane through said extensionLsaid wire being 
` -provided with continuous electrical insulation 

È the end of said hollow extension remote from said v 
extending to a point a substantial distance from 

membrane, and a moisture impervious insulating 
material forming a moisture impervious and 
leakage current inhibiting seal between the ex 

g tension of said electrode and said continuous in 
Í sulation. »  , 

4. In a device for the electrical determination 
10 

i ofjpH, a glass‘electrode having a hydrogen ion l 
I responsive membrane, a hollow insulating ex 
, tension therefrom, a highly insulated cable hav- ‘ 

` 1 ing a conductor electricallyV connected to said 
, hydrogen ion responsivemembrane through said 
È extension and provided with an electrostatic 
§ shield insulated from said conductor, said cable 
, including said shield extending from a point 
‘ within said extension adjacent said membrane 
ì to a point a substantial distance from the end 
i of said extension remote from said membrane. 

5. In a device for the electrical determina 
, tion of pH, a glass electrode having a >hydrogen 

` ion responsive membrane and a hollow insulating 
` extension therefrom, a lead wire electrically con 
nected to said hydrogen ion responsive membrane 
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l through said extension, said wire being provided , 
l with continuous electrical insulation extending 
l from a point adjacent the membrane to a point 
a substantial distance from the end of said hollow 

i extension remote from said membrane, and a 
i moisture impervious insulating material forming 
§ a moisture impervious and leakage current in- ‘ 
È hibiting seal between the extension of said elec 
; trode and said continuous insulation. - 
, 6. Ina device for the electrical determination ` 
ï of pH, a glass electrode having a hydrogen ion 
î responsive membrane, a hollow insulating exten 
È sion therefrom, a highly insulated cable having aV 
l conductor electrically connected to said hydrogen 
, ionresponsive membrane through said-extension - 

l and provided with an electrostatic shield' in- . ; sulated from said conductor, said cable including > 

i said shield extending from a point within said 
i extension adjacent said membrane to a point at > 

ï moisture impervious and leakage current inhibit 
î ing seal between the extension »of-said electrode ' 
and the insulation of s'aid cable. ,l ‘ 
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1 a substantial distance from the end of said ex 
,. § tension remote from said membrane, and a mois- . 

' ture impervious insulating material forming a ' 50 
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7. In a device for the electrical determination 

of pH, a glass electrode having a hydrogen ion 
responsive membrane, a hollow insulating ex 
tension therefrom, a highly insulated cable hav 
ing a conductor electrically connected to said 
hydrogen ion responsive membrane through said . 
extension and provided with an electrostatic 
shield insulated from said conductor, said cable 
including said shield extending from a point 
Within said extension adjacent said membrane 
to a point a substantial distance from the end of 
said extension remote from said membrane, said 
insulation of said cable being composed of rubber 
and said electrostatic shield being embedded in 
said rubber insulation. - 

8. In a device for the electrical determination 
'of pH, a glass electrode having a hydrogen ion 
responsive membrane, a hollow insulating exten 
sion therefrom, a highly insulated cable having 
a conductor electrically connected to said hy 
drogen ion responsive membrane through said 
extension and provided with an electrostatic 
shield insulated from said conductor, said cable 
including said shield extending from a point 
within said extension adjacent said membrane to 
a point a substantial distance from the end of 
said extensionA remote from said membrane, said 
insulation of said cable being composed of rubber 
and said electrostatic shield being embedded in 
said rubber insulation, and a moisture impervious 
insulating material ̀ betweenthe extension of said 
electrode and said rubber insulation.`. ' 

9. In »_a device for the electrical determination 
of pH, a glass electrode having a »hydrogen ion 
responsivemembrane, a hollow insulating exten 
sion therefrom, a. plug having a ground fit with 
said glass electrode at the junction between the 
hydrogen ion responsive membrane and said in 
sulating extension, a highly insulated cable hav 
ing a conductor. electrically connected to said 
hydrogen ion responsive membrane through said ' 
extension and provided with an electrostatic 
shieldinsulated from said conductor, said cable 
including said shield extending from a point 
Within said extension adjacent said membrane 

foto ~a point a'substantial distance from the end of 
¿said extensionremote from said membrane. 
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